Introduction
The National Indigenous Institute (INI, initials in Spanish) promotes the educational and nutritional development of indigenous children living in highly marginalized areas with extreme poverty in predominantly indigenous municipalities. Such is the case of the Tarahumara in the northern Mexican state of Chihuahua (INI, 2002) . The Institute provides benefits that include free housing and food during the school year (E200 days) in shelters located in communities with elementary school facilities. Shelters are located close to the school premises, thus functioning as a boarding school. Parents drop younger children off at the school on Mondays and pick them up on Fridays, while most of the older children come and go from their villages by walk. For parents and children, the time required to reach the school varies considerably; most commonly, it takes several hours.
The nutritional component of the services offered at the boarding schools comprises three meals served daily to the children: breakfast, lunch and dinner. Occasionally, the children are given a candy or a piece of fruit between meals. The menus are planned every week and prepared by the school cooksFgenerally indigenous womenFbased on locally available foodstuffs that conform to a basic food basket periodically delivered to the boarding school. In theory, this food basket is tailored to the food habits of the Tarahumara, and the selection of foods is supposed to be in accordance with the recommendations provided by the Mexican National Institute of Nutrition (INI, 2002) . In practice, however, budgetary constraints play an important role in the selection of foods.
In spite of this systematic dietary intervention, we are not aware of any published study designed to identify any possible nutritional problems present among these indigenous children nor to compare their nutritional status with that of other rural Mexicans. Therefore, we carried out a comprehensive nutritional survey to identify growth retardation and micronutrient deficiencies in a selected sample of boarding schools. The micronutrients studied were chosen on the basis of the following rationale.
Iron deficiency, because it is the foremost cause of nutritional anaemia in children from developing countries (Florentino & Guirriec, 1984) . Iron deficiency anaemia (IDA) has been consistently associated with irreversible adverse effects on growth and cognitive performance (Lozoff, 1988; Walter, 1996) .
Folate deficiency, the second most frequent cause of nutritional anaemia, because even though folates are present in various foods of animal and vegetable origin, dietary intake may be low due to inadequate storage or excessive cooking (FAO & WHO, 1988) , practices frequently found at the boarding schools.
Vitamin B 12 deficiency, a contributory cause of nutritional anaemia, because primary sources are foods of animal origin and people like the Tarahumara who eat little of these products are likely to ingest less than the amounts recommended.
Zinc deficiency, because is a commonly overlooked yet widespread public health problem with nearly half of the world's population at risk of insufficient intake (Brown & Wuehler, 2000) . It causes reduced growth rate, abnormal neurobehavioural development and impaired resistance to infections in children (Hambidge, 1987) .
Iodine deficiency, because it may have serious consequences in children, including retarded mental and physical development, impaired intellectual function and diminished school performance (Hetzel, 2000) . It is common in mountainous areas such as those inhabited by the Tarahumara unless supplemental iodine is adequately provided.
This survey was conducted between October and December 2001. Parents gave written informed consent for all participating children, and children themselves gave witnessed verbal consent. The Uppsala University Research Ethics Committee and INI approved the study.
Materials and methods

Subjects and sampling frame
In total, 64 indigenous groups live in Mexico. The Tarahumara, one of the most deprived, live in an isolated region of Chihuahua State. They are the most numerous ethnic group of northern Mexico, with about 87 000 members, representing 2.8% of the state population and 1.1% of the country's indigenous population (INEGI, 2001) . The Tarahumara live in mountain ranges with a maze of deep crevices and canyons. Settlements are small and scattered, dispersed along valleys and hillsides. The climate is cold in the mountains and subtropical in the gorges. Health conditions are precarious, due to the extreme geographical conditions and the logistical problems in delivering health services. Infant mortality rates are twice those found in other indigenous groups, and thrice those found in the rest of the country (Fernández, 1992) . There are very few sources of paid employment, and families usually survive on local agriculture and meagre cattle-raising; some migrate temporarily to urban areas in search of work. Government authorities, religious groups and several NGOs run poverty alleviation programmes in the region.
The local INI provides nearly 3000 scholarships to Tarahumara children to attend its 38 boarding schools distributed in six municipalities, most of them in the municipalities of Guachochi (20), Batopilas (8) and Balleza (4). Despite the fact that most of these schools receive similar economic resources to carry out their activities, there are important variations among the schools. While most schools host 50-75 children, some have 100-150. The size and quality of buildings and physical infrastructure varies, and the schools are located at different altitudes, varying from gorges under 1000 m above sea level to mountains above 2000 m. While some schools can be reached in 1 h from the closest main town, others require travelling by car for up to 12 h on unpaved roads, often combined with walking for long distances and others can only be reached using air transport.
Study design
The wide variability in school characteristics, some of which may correlate with the children's nutritional status, and the high cost of time and transport required to reach some of them, precluded probabilistic sampling. Therefore, for our purpose we selected a sample of five schools, meant to capture the range in varying conditions among them. The sample was based on the judgements of an expert panel, which included INI authorities, school supervisors and researchers. The sampling framework aimed for variation in characteristics such as location, altitude, infrastructure, size of enrolment and accessibility. However, very isolated schools requiring air transport or walking for more than an hour were excluded.
The selected schools were located in the municipalities of Guachochi (3), Balleza (1) and Batopilas (1). Altitudes ranged from 1040 to 2420 m. Schools I and II represented the 'betteroff' and the 'poor', respectively (based on amount and quality of buildings, furniture and other equipment); school III represented the 'overcrowded' (hosting twice the average number of schoolchildren); school IV was the 'traditional' (located in an area with a strong presence of Tarahumara customs); and school V was typical of the 'gorge' (located at an altitude of 1040 m; fruits and vegetables grow here thanks to the subtropical environment).
Only children receiving full benefits at the boarding schools were considered for entry into the study. Typically, mestizo (the majority population in Mexico, a mix of European and indigenous descent) children only attend school and are not expected to eat or sleep at the shelter. Children absent at either of the two visits were excluded.
Anthropometric measurements and capillary haemoglobin (Hb) concentrations were obtained from 331 children. The percentage of children sampled from those eligible ranged from 75 to 92% across the schools. From those sampled at each school, 20 were randomly chosen for venous blood analyses. No child refused anthropometric measurements or finger pricking, but four children from three different schools declined having venous blood drawn for micronutrient analyses and were replaced.
Owing to the relatively small subsample of children in whom biochemical markers were obtained, comparisons among schools were limited to anthropometry and Hb status.
Anthropometric measurements
Children wearing no shoes and light clothes were weighed using a scale with 100 g precision. A 200 cm measuring board with 1 mm divisions was used to measure heights. A single experienced person took all measurements using standard techniques (Cogill, 2001 ). Weight-for-height Z-score (WHZ), expressed in standard deviation (s.d.) units, was used to assess wasting (o-2 s.d.) and overweight (42 s.d.) in children aged 6-9 y, and height-for-age Z-score (HAZ) to evaluate stunting (oÀ2 s.d.) among those aged 6-12 y, as recommended by a WHO Expert Committee (WHO, 1995) . Stunting was not assessed in older children because its interpretation is difficult in the absence of sexual maturity indicators, which were not measured in this study. We used the NCHS/WHO population reference (NCHS, 1977) to establish direct comparisons with previous relevant studies that used this standard. However, for children aged 10-14 y, we used the new CDC international reference (NCHS, 2002) using the body mass index (BMI)-for-age percentile to define underweight (o5th), risk of overweight (85-95th) and overweight (495th).
Capillary blood samples
From a drop of capillary blood obtained by finger prick, Hb was measured using a portable photometer (HemoCue AB, Ä ngelholm, Sweden). This azide methaemoglobin method provides accurate measurements of Hb concentration, as well as adequate prevalence estimates of anaemia at the population level (Morris et al, 1999) . The prevalence of anaemia was assessed based on the recommended Hb cutoff (6-11 y: o115 g/l, 12-13 y: o120 g/l, 14 y: boys o130 g/l; girls o120 g/l) (CDC, 1989) , correcting for each school's altitude using the formulas developed by Cohen and Hass (1999) , which rendered the following increases in cutoffs: schools I and III: 8 g/l; schools II and IV: 11 g/l; school V: no adjustment required.
Venous blood samples
Nonfasting 10 ml cubital vein blood samples were taken from 100 children. No child had any history of clinical infection during the week prior to blood collection. Blood was allowed to coagulate at room temperature before serum was separated by centrifugation and kept in liquid nitrogen at À721C, and sent to Mexico City for analysis.
Iron status was assessed using serum iron (SI), total ironbinding capacity (TIBC) of transferrin in serum to calculate the transferrin saturation per cent (TfS ¼ SI/TIBC Â 100), and serum ferritin (SF). SI and TIBC were determined using atomic absorption spectrophotometry (NCCLS, 1998) . SF was quantified using a solid-phase immunoradiometric assay (Ferritin CTK-IRMA; DiaSorin, Saluggia, Italy).
SF r12 ng/ml (the 5th percentile of the reference distribution for children aged 6-15 y) and TfS o14% were used as cutoffs for iron deficiency (Dallman et al, 1996) . As no single indicator reflects the entire spectrum of iron status (Cook et al, 1976) , we used a common multiple biochemical test strategy (Yip et al, 1984; Expert Scientific Working Group, 1985; English & Bennett, 1990; Preziosi et al, 1994) . Our model included SF, TfS and Hb. The following iron nutrition definitions were used: no iron deficiency: no anaemia þ SF412 þ TfS414; anaemia without iron deficiency: anaemia þ SF412 þ TfS414; iron depletion (ID): no anaemia þ SF r12 þ TfS 414; iron deficient erythropoiesis (IDE): no anaemia þ SFr 12 þ TfSr14; iron-deficiency anaemia (IDA): anaemia þ SFr12 þ TfSr14.
Some children could not be placed in any of these preset iron status definitions, as others have noted (Dallman et al, 1981; Hallberg et al, 1993) . In such cases, we used SF as the most reliable indicator because TfS is influenced by the wide diurnal variation of serum iron (Cook et al, 1992) .
Vitamin B 12 and folic acid levels were determined by radioassay using a purified intrinsic factor (SimulTRAC-SNB; INC Pharmaceuticals, NY, USA). Serum vitamin B 12 concentrations o200 pg/ml (148 pmol/l) were considered low and values between 200 and 300 pg/ml (148-221 pmol/l) were regarded as marginal (Lindenbaum et al, 1990) . The cut-offs used for plasma folate were o3 ng/ml (o6.8 nmol/l) for low and 3-6 ng/ml (6.8-13.4 nmol/l) for marginal status (Sauberlich, 1977) .
For serum zinc measurements, samples were diluted with deionized water and measured by atomic absorption spectrophotometry (Smith et al, 1979) . Following the recommendation by the International Zinc Nutrition Consultative Group, the cutoff point for low serum zinc was lowered from 70 mg/ dl (o10.7 mmol/l) to o60 mg/dl (o9.2 mmol/l), since fasting blood was not taken.
Thyroid exam and iodine content of salt A single trained physician measured the size of the thyroid by inspection and palpation in all children surveyed, and the total goitre rate (TGR) was calculated using the WHO simplified three-stage classification of goitre severity (0: normal, 1: palpable, 2: visible) (ICCID, UNICEF & WHO, 2001) . The iodine content of salt used for food preparation at the selected schools was verified using a colorimetric method (ICCID, UNICEF & WHO, 2001 ). Samples of the salt being used in the kitchen at the time of the visit, and the salt in the storeroom were tested in each school using a field test kit (UNICEF, Madras 600017, India). The iodine content was estimated by the colour on a visual scale (25, 50, 75 and 100 parts per million (ppm)).
School dietary assessment
The foods served at each school were documented for the 2-week period preceding the first school visit, focusing on foods rich in iron, vitamin B 12 and folates. Cooks were asked to describe the meals prepared and served to the children for breakfast, lunch and dinner from Monday to Friday. The cooks were prompted using the written records from their weekly menus. From these descriptions, the frequency with which meat, fish, poultry, eggs, milk, cheese and fruits present in each of the three daily meals was quantified. No distinction was made between fresh, dried or canned foods.
Statistical analyses
Anthropometric indices were expressed in terms of mean Zscores and s.d. using the Nutritional Anthropometry Program from EpiInfo Version 1.1.2. Results were stratified by sex, age in years and school.
Analyses included descriptive statistics for the micronutrient data. Logarithmic transformation was used to normalize skewed vitamin B 12 and folic acid distributions before statistical testing. Mean and s.d. were calculated for capillary Hb and serum vitamin B 12 , folic acid and zinc. Data were stratified by sex and age group (6-8, 9-11 and 12-14 y) and by school (only for Hb). SF, TfS and Hb data were combined and presented as proportions falling within each specific iron nutrition category. One-way analysis of variance (ANOVA) was used for multiple comparisons of means and Newman-Keuls tests were used to investigate differences between means. w 2 tests were conducted to identify differences in proportions. Statistical significance was set at Po0.05. Data were analysed using the SPSS computer software, version 10.1 (SPSS Inc., Chicago, IL, USA).
Results
Mean WHZ for children aged 6-9 y (0.46. Z; n ¼ 174) was above the NCHS reference median, as were all other WHZ means from the stratified categories (sex, age and school). The overall prevalence of wasting and overweight was 1.1 and 4.6%, respectively. No overweight was observed in school IV ('traditional'), while the highest prevalence (11.5%) was seen in school V ('gorge') ( Table 1) . For children aged 6-12 y, the mean HAZ and prevalence of stunting were 1.29 s.d. and 22.3%, respectively, with no statistically significant differences between boys and girls. No clear trend by age was seen in either the mean HAZ or the prevalence of stunting. The mean HAZ ranged from -0.98 to -1.60 s.d. and the proportion of stunting from 16.2 to 30.9% across the schools. The major mean HAZ deficit and the highest prevalence of stunting were seen in school II ('poor'), showing a statistically different mean compared to schools I ('better-off') and IV ('traditional') ( Table 1 ). The prevalence of underweight, risk of overweight and overweight in children aged 10-14 y was 3.2, 5.1 and 0.6%, respectively, using the CDC 2000 reference data.
Overall nonaltitude-adjusted mean Hb7s.d. was 13.871.3 g/dl (n ¼ 331) with no significant differences between boys (13.9 g/dl) and girls (13.7 g/dl). The prevalence of anaemia using altitude-adjusted cutoffs was 11.4% for boys and 14.5% for girls. Mean Hb increased significantly with age, but this was not reflected in any reduction in the prevalence of anaemia. Across schools, the mean Hb ranged from 13.6 to 14.1 g/dl and the prevalence of anaemia ranged from 6.4% in school V ('gorges') to 20.9% in school IV ('traditional'), but differences between schools did not reach statistical significance (Table 2) .
The iron status of the subsample is presented in Table 3 . Overall, iron deficiency was 24.2% (ID 11.1% þ IDE 3.0% þ IDA 10.1%). Although not statistically significant, IDA was more prevalent in girls than in boys (13 vs 6.7%) and tended to increase with age. The proportion of anaemia unrelated to iron deficiency was 4.4 and 7.4% in boys and girls, respectively. Table 4 presents the evaluation of vitamin B 12 , folic acid and zinc concentrations in the subsample of children stratified by sex and age. The mean7s.d. folic acid value was 9.373.1 with 9.9 ng/ml for girls vs 8.6 ng/ml for boys, Po0.05. There was a nonsignificant decline in the mean serum folic acid concentration by age. No child had a serum folic acid level o3 ng/ml. Mean7s.d. serum vitamin B 12 was 3337155 ng/dl, with 20 and 30% of the children showing low (o200 mg/dl) and marginal (200-300 mg/dl) vitamin B 12 concentrations, respectively. Younger children had significantly higher vitamin B 12 means than older children. Mean7s.d. serum zinc concentration was 50.8711.5 mg/dl. All children had serum zinc concentrations between 20 and 80 mg/dl, and 80% had concentrations o60 mg/dl.
The TGR among the children from the five schools sampled (n ¼ 331) was 5.4% (grade 1:5.1%, grade 2:0.3%). The number of children and per cent with goitre by school was: better-off ¼ 6 (8.7%), poor ¼ 3 (5.1%), overcrowded III ¼ 3 (2.7%), traditional IV ¼ 3 (7%), and gorge ¼ 1 (2.1%). All salt packages tested for iodine content contained 450 ppm. Table 5 shows the frequency of the selected foods served at the schools during the 2 weeks prior to the survey. The first week had higher frequencies of consumption for 46% of the foods and was equal for another 37%. Milk, meat, eggs, cheese and fruit were regularly provided in all the schools. Fresh foods, including fruits, were very seldom served. Fish was occasionally served but poultry was not.
Discussion
The prevalence of wasting and underweight was similar to those reported for rural children at the national level in the most recent National Nutrition Survey (NNS) (Rivera-Dommarco et al, 2001) . In an earlier study, the prevalence of wasting in Tarahumara children aged 1-2 y reached 10.3%, but dropped to o1% at higher ages (Monárrez & Martínez, 2000) . Another survey also showed a low prevalence of underweight (1.4%) in Tarahumara girls aged 12-17 y (Monárrez-Espino & Greiner, 2000) .
The 4.6% prevalence of overweight found in children aged 6-9 y was also similar to the 5.3% figure reported in rural children aged 5-11 y at the national level; both these Nutritional status of indigenous children J Monárrez-Espino et al prevalences are much lower than those reported for the comparable age group in urban areas (11.5%) at the national level (Rivera-Dommarco et al, 2001 ). However, a previous study showed a 0.7% prevalence in Tarahumara children aged o5 y (Monárrez & Martínez, 2000) . On the other hand, the prevalence of BMI-for-age 485th percentile in those aged 10-14 y (5.7%) was half of that reported for rural children at the national level (Rivera-Dommarco et al, 2001) , and one-third of the prevalence for Tarahumara girls aged 12-17 y (Monárrez-Espino & Greiner, 2000) . While one may be tempted to attribute these differences to nutritional and socioeconomical discrepancies between the Tarahumara and the rest of the rural areas in the country, at least partly it may be due to the difficulties in comparing school-and population-based studies.
The prevalence of stunting (22.3%) also resembled that reported for rural Mexicans (21.9%) (Rivera-Dommarco et al, 2001) . In contrast, in the survey of Tarahumara preschool children, stunting increased from 11.4% during the first 6 months of life to 64% at the age of 2 y, persisting at about that level up to the age of 5 y (Monárrez & Martínez, 2000) . (2) 11.1 (5) 4.4 (2) 6.7 (3) Girls 66.6 (36) 7.4 (4) 11.1 (6) 1.9 (1) 13.0 (7) Age (y) 6-8 70.6 (24) 5.9 (2) 14.7 (5) 2.9 (1) 5.9 (2) 9-11 68.3 (28) 4.9 (2) 9.8 (4) 4.9 (2) 12.2 (5) 12-14 70.8 ( e Anaemia + SFp12 + TfSp14 (includes five cases with SF 1.6-6.0/TfS 19.9-23.4). SF: serum ferritin in ng/ml; TfS: transferrin saturation in % (serum iron/total iron binding capacity Â 100). The survey with Tarahumara women also showed a high prevalence of stunting (47.2%) in girls aged 12-17 y (Monárrez-Espino & Greiner, 2000) . Nutritional stunting reflects long-term cumulative effects of socioeconomic, health and nutrition inadequacies, and therefore cannot change from a prevalence of 460% in 4-5 y olds to o25% in 6-7 y olds. The most likely explanation for these differences is that the boarding-school children are not representative of Tarahumara school-age children as a whole, but are instead a selected group benefiting from this programme that, although not more privileged than average rural Mexicans, is among the better-off groups among the Tarahumara. Thus, the boarding schools are almost certainly missing major target groups.
We found mean Hb concentrations ranging between 13.6 and 14.1 g/dl across the schools, a difference of only 0.5 g/dl. The 13% prevalence of anaemia was well below that reported in the NSS for children aged 5-11 y living in the rural areas (21.9%) (Rivera-Dommarco et al, 2001) . Results from a previous population-based survey with Tarahumara women showed a slightly higher level of anaemia (18.5%) in girls aged 12-19 y (Monárrez-Espino et al, 2001) . According to the NNS, the prevalence of iron deficiency (TfSo16%) in children aged 5-11 y living in northern Mexico ranged from 35.3 to 52.6% (Rivera-Dommarco et al, 2001 ), yet in this survey it was 22.7% using the same cutoff and age-group definitions. The lower proportions of anaemia and iron deficiency found in this study may be related, to some extent, to the selection bias previously discussed. The fact that these schoolchildren appear regularly to eat meat, which contains highly bioavailable haem iron, may also be explanatory. This premise is supported by the finding of a significant improvement in mean Hb level with age, a likely proxy for longer exposure to the feeding intervention offered at the school shelter. The presence of enhancers and inhibitors of iron absorption in the diet could also have played a role. For instance, the school located in the gorge presented the lowest prevalence of iron deficiency, with only 6% of children being anaemic. Typically, people living in the gorges grow (and presumably eat) more vegetables and fruits than those living in the mountains, including guava, other citrus fruits and berries, all rich in ascorbic acid, a potent enhancer of nonhaem iron absorption (Hallberg et al, 1986) .
Although accurate diagnosis of folate and vitamin B 12 deficiency is difficult to establish at a population level because no test can reliably be used to reflect actual metabolic levels of these micronutrients (Snow, 1999) , our results showed that all children presented folic acid values well above the established lower cutoff, and very few (3%) showed marginal levels.
In contrast, almost half the children showed either low (20.2%) or marginal (27.3%) serum vitamin B 12 values, as has been documented in Mexican children by others (FigueroaSandoval et al, 1975; Allen et al, 1995; Murphy et al, 1995) . The prevalence of low/marginal vitamin B 12 concentrations reported by Allen et al (1995) in young children from mestizo communities in rural Mexico, relying extensively on a plantbased diet, was attributed to malabsorption, as low holotranscobalamin II concentrations were found. Although good animal sources of vitamin B 12 including meat, fish, milk, cheese and eggs appear to be commonly consumed by children at the boarding schools in the Tarahumara region, accurate estimations of the daily intake of B 12 are required to rule out inadequate dietary intake. Our results suggest that older children especially might not be meeting their dietary needs.
Although serum zinc is not a reliable indicator of body zinc stores (WHO, 1996) , it has proven useful at the population level (Brown et al, 1998) . Our results can be compared to those from the NNS conducted 2 y earlier. In the NNS, the proportion of rural children aged 5-11 y with serum zinc concentrations o65 mg/dl ranged between 28.3 and 41.1% (Rivera-Dommarco et al, 2001 ), compared to 85% in the present study. This suggests that zinc deficiency may be a problem in Tarahumara boarding-school children. About one-third of rural children in the NNS did not meet the recommended daily allowances for zinc (Rivera-Dommarco et al, 2001) . Although zinc intake was not quantified in our study, the many high-phytate foods served at the schools could in part explain our results, as phytates reduce zinc absorption (Turnlund et al, 1984) . This study adds to other evidence that goitre still constitutes a public health problem in certain populations in Mexico (Martínez-Salgado et al, 2002) . We documented a TGR of 5.4%. Even if the iodine content in the salt packages checked was 450 ppm, the possibility of insufficient iodine intake cannot be completely ruled out. We have used similar kits in the past to measure the iodine content in salt from 133 Tarahumara households in the same area and found that 19.5% contained no iodine at all (1998, unpublished data) . In addition, the effect on iodine in salt of prolonged cooking, a common practice at the schools, could also contribute to these findings. A careful evaluation, including urinary iodine levels and the possible presence of goitrogens in the diet, is needed.
As expected, the foods served in the schools were similar since they all received the same foodstuffs to use in cooking. The major differences appeared to be in how foods are prepared, with some using more traditional methods than others. Nonetheless, the food inventory method used did not measure the children's dietary intake at the school, nor did it account for the foods eaten outside the school. These factors may also partially account for the differences found in micronutrient serum concentrations. This is the first comprehensive nutritional survey conducted among Tarahumara children in boarding schools served by INI. While we recognize that the study was not based on a probabilistic sample, thus limiting the generalizability of the results to other schools in the area, it has identified various nutritional deficiencies, pointed out various possible explanations for them and established baseline data to which future studies can be compared. The results also suggest that those attending the boarding schools are the better-off Tarahumara children from these areas, pointing to the need of actively recruiting the worseoff children.
Most importantly, the results presented here should raise a note of caution for public and private organizations serving marginal populations. Malnutrition is not only a stigma for school children; it limits their capacity to learn and to mature into adolescents and adults who may develop their full potential. It impairs the overall development of a country. A comprehensive response is expected as a result of this survey.
